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It is known that n-alkane shows the anomalous struc-
ture at a few degrees above the melting temperature. In
this structure, a solid monolayer forms at the surface
of an isotropic n-alkane liquid above its bulk melting
temperature1),2). This phenomenon, which is called sur-
face freezing, occurs only for carbon numbers 14 < n ≤
50. In this study, we investigate the melting process of
n-nonane (n-C9H20) ultrathin ﬁlms using molecular dy-
namics (MD) simulation and clarify its mechanism at
the molecular level.
The computational model is the same as that used
for n-alkane in Ref.[3]. Methyl and methylene groups are
treated as united atoms. The united atoms interact via
the bonded potentials (bond-stretching, bond-bending
and torsional potentials) and the van der Waals non-
bonded potential (12-6 Lennard-Jones(LJ) potential).
The equations of motion for all particles are solved nu-
merically using the velocity Verlet algorithm with a time
step of ∆t = 2.05 fs. We carry out the MD simu-
lations by using the coarse-grained molecular dynam-
ics simulator (COGNAC) in the OCTA system4). We
use the combination of a constant-temperature method
(Nose´-Hoover method) and a constant-pressure method
(Parrinello-Rahman method with unit cell angles ﬁxed
at 90◦). The external pressure is set to 0.1 MPa, which
corresponds to atmospheric pressure, and the cutoﬀ dis-
tance for the LJ potential is 0.95 nm. As an initial con-
ﬁguration, the molecules are placed into 3 - 9 layers, each
of which consists of 168 molecules. The molecular axis
is parallel to the z direction, which is perpendicular to
layers. The periodic boundary conditions are applied in
the x, y, z directions with free space by two-molecule
thickness in the z direction. We ﬁrst prepare crystals of
n-nonane ultrathin ﬁlms with 3 - 9 layers at 50 K and
then heat the systems stepwise.
In the case of n-nonane with 6 layers, the system
melts at 272K.We show, in Fig. 1, snapshots of n-nonane
ultrathin ﬁlms with 6 layers at 272 K in the course of
melting. It is found from this ﬁgure that melting occurs
layer by layer from the surface. This type of melting,
surface melting, is observed for all other n-nonane ul-
trathin ﬁlms with diﬀerent numbers of layers. It is thus
concluded that n-nonane ultrathin ﬁlms exhibits surface
melting.
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Fig. 1. Snapshots of n-nonane ultrathin ﬁlms with 6
layers at 272 K in the course of melting: (a) t = 18.6 ns,
(b) 20.5 ns, (c) 22.0 ns and (d) 22.4 ns.
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